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Abstract
Penaeid shrimps are euryhaline in nature and have the ability to survive and adapt in
a wide range of salinities (3–50 ppt). The shrimps are cultured under a variety of con‐
ditions in many tropical and subtropical countries. Osmotic and ionic regulation is an
important mechanism of environmental adaptation in crustaceans. However, drastic
changes in abiotic and biotic conditions result in stress to the shrimps during the cul‐
ture period. Salinity and temperature are the two major environmental factors that
have huge impact on culture shrimp, affecting their physiological and metabolic pa‐
rameters, which in turn affect shrimp growth, molting, and survival. Changes in the
abiotic factors, chemical and biotic factors result in reduced immunity of shrimp and
vulnerability to bacterial and viral diseases. This chapter describes the effects of low
and high salinity on the gene profile changes of black tiger shrimp Penaeus monodon,
and the functional role of these genes in shrimp salinity stress is discussed.
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1. Introduction
Penaeid shrimps being euryhaline can adapt to thrive and survive in a wide range of salinity
conditions. Shrimps are, therefore, cultured and reared under different farming conditions in
tropical and subtropical countries. Water quality management is an important criterion in
shrimp farming for survival and growth of the shrimp. The optimal salinity conditions for
penaeid shrimp ranges differently for different species. Penaeus monodon, which can tolerate
low salinity of 5 ppt to high salinity conditions of 40 ppt has optimal range of salinity (15–25
ppt) for optimal growth [1]; juvenile Penaeus chinensis grows best at 20–30 ppt salinity range
[2]; the optimal conditions of salinity for growth was estimated to be in the range of 22–34 ppt
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for Penaeus latisulcatus [3]. Penaeus semisulcatus, an Indo-Pacific species requires higher salinity
(30–35 ppt) for growth [4]. Best performance (growth, survival, total biomass) for Penaeus
indicus PL20 and PL60 at salinities between 20 and 30 ppt was observed after acclimation period
[5]. Highest increase in biomass and production was observed at 25 ppt for Penaeus merguien‐
sis [6]. Litopenaeus vannamei, a native species of the Pacific coast is a very important shrimp
species, which is cultured under semi-intensive and intensive conditions in many parts of
world. The juveniles of this species have optimal growth and survival in salinity range of 33–
40 ppt [7]. It is also preferred for culture in low salinity water as it can tolerate very low salinities
of 1–2 ppt.
However, the variable climate conditions result in drastic changes in abiotic factors causing
stress to the shrimps during the culture period, which influences culture of euryhaline
penaeids. In summer months, there is increase in salinity in ponds due to high evaporation
rates and in rainy season the salinity decreases. The marine crustaceans are generally osmotic
and ionic conformers in nature. The shrimps hypo-osmoregulate above the iso-osmotic point
and hyper-osmoregulate below the iso-osmotic point through a osmoregulation mechanism.
In crustaceans, gills which are highly permeable external surfaces are the primary sites
involved in osmoregulation. In the larval stages of penaeids, the typical features of osmore‐
gulatory epithelia are present in pleurae and branchiostegites [8]. The overall ion-transport
and osmotic regulation process involves ions absorbtion or excretion between the external and
internal medium through osmoregulatory organs, such as gills, the antennal glands that
mainly function in urine production, and the gut in decapod crustaceans [9-10]
The crustaceans have two well-known important enzymes which are central to osmotic and
ionic regulation and ion uptake. The transepithelial movement of monovalent ions requires
the action of Na+/K+-ATPase or the sodium pump utilizing ATP as energy source. The other
major enzyme involved in osmoregulation is transport-related enzyme carbonic anhydrase,
which plays a role in producing H+ and HCO3- through catalysis of respiratory CO2, for
counterions in Na+ and Cl− uptake. In penaeids, carbonic anhydrase is reported to be involved
in both hyper- and hypo-osmotic regulation and is induced against low and high salinity
exposure, indicating its role in ion uptake and excretion process [11].
In our study, we have constructed suppression subtractive hybridization (SSH) cDNA libraries
to identify differentially expressed genes in shrimp P. monodon, in response to salinity stress.
The SSH clones obtained from the forward SSH cDNA libraries (Figure 1) and reverse SSH
cDNA libraries (Figure 2) constructed from gut tissues of shrimp exposed to low (3 ppt) and
high (55 ppt) salinity on BLAST analysis, revealed several functional categories.
Similarly, we obtained several functional categories of genes from the forward SSH cDNA
libraries (Figure 3) and reverse SSH cDNA libraries (Figure 4) constructed from gill tissues of
shrimp exposed to low (3 ppt) and high (55 ppt) salinity conditions. These differentially
expressed genes were subjected to RT-qPCR for gene expression analysis. Based on our study,
we discuss herein in this chapter some of the important genes identified as differentially
expressed in response to salinity stress in shrimp.
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Figure 1. Differentially expressed genes from the forward SSH library of gut tissues of P. monodon under low (3 ppt)
and high (55 ppt) salinity conditions
Figure 2. Differentially expressed genes from the reverse SSH library of gut tissues of P. monodon under low (3 ppt)
and high (55 ppt) salinity conditions
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Figure 3. Differentially expressed genes from forward SSH library of gill tissues of P. monodon under low (3 ppt) and
high (55 ppt) salinity conditions
Figure 4. Differentially expressed genes from the reverse SSH library of gill tissues of P. monodon under low (3 ppt) and
high (55 ppt) salinity conditions
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2. Osmoregulatory genes
2.1. Na+/K+-ATPase
Na+/K+-ATPase, a transmembrane protein, contains three subunits, α-, β, and γ- subunit, which
are involved in exporting three Na+ from cytosol in exchange for two K+ or NH4+ from extrac‐
ellular fluid for each ATP hydrolyzed. The crustacean α-subunit, which is 71–74% identical in
amino acid sequence to those of vertebrate α-subunit sequences, binds to ATP and functions
for the catalytic action of the enzyme [12]. The binding of Na+/K+-ATPase complex to basolat‐
eral membrane requires participation of β-subunit and the γ-subunits of enzyme [13]. The
activity of Na++K+-ATPase in gill tisues of crustaceans depends on the osmoconcentration
gradient occurring between hemolymph and the external medium. In crustaceans, there is an
increase in Na+/K+-ATPase activity when transferred from natural seawater to dilute seawater
[14-15]. With the lowering of salinity when compared to that of normal seawater, the euryha‐
line crustacea undergo hyperosmoregulation. Increased enzymatic activity of Na++K+-ATPase
and increased α-subunit gene expression has been observed in the gill tissues of crabs [12].
Substantial increase in Na+/K+-ATPase specific activity (300%), Na+/K+-ATPase protein levels
(200%), and gene expression level of α-subunit (150%) has been observed in blue crab
Callinectes sapidus crabs during acclimitization to dilute seawater of 10 ppt salinity [16]. P.
monodon reared in 7 ppt seawater showed drastic morphological alterations of the antennal
glands. The shrimps also showed higher expression and activity of the enzyme Na+/K+-ATPase
in the antennal glands under low salinity conditions [17]. L. vannamei when transferred to
different low salinity conditions ranging from 15 ppt to 1 ppt revealed no significant difference
within 3 h for Na+/K+-ATPase α-subunit gene expression and enzyme activity. However, there
was a rapid increase at 6 h followed by decrease in the expression level from 12 h to 24 h
suggesting Na+/K+-ATPase is stimulated by salinity stress [18]. The study involving V-H
ATPase α -subunit and Na+/K+-ATPase β-subunit response to environmental stress (bacteria,
pH, Cd, salinity, and low temperature) revealed both the genes to be responsive to these
environmental stress conditions. However, the V-H ATPase α -subunit and the Na+/K+-ATPase
β-subunit, which is involved in proper folding and transport of Na+/K+-ATPase enzyme, were
found to be more sensitive to salinity stress when compared to other stress factors. The
exposure of L. vannamei to salinity stress resulted in significant changes in the expression of
V-H ATPase α-subunit and Na+/K+-ATPase β-subunit gene expression levels in the hepato‐
pancreas and gills of the shrimp. Na+/K+-ATPase β-subunit gene expression after exposure to
5 ppt increased to a highest level (17-fold) at 12 h in the gill tissues, whereas, in hepatopancreas
the maximum gene expression levels (4.4-fold) were observed 6 h after exposure to 10 ppt
salinity conditions [19].
At low (3 ppt) salinity conditions stress conditions, significant increase in the Na+/K+-ATPase
α-subunit gene expression levels was observed in gill (34.28-fold) tissues of P. monodon [20].
At higher salinity stress of 55 ppt, P. monodon Na+/K+-ATPase gene responded to salinity stress
conditions with significant expression levels in gill (15.23-fold) tissues [21]. These results
suggests that P. monodon Na+/K+-ATPase gene is involved in osmoregulatory process in shrimp
and responds significantly under salinity stress.
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3. Immune genes
Crustins, belonging to family of antimicrobial peptides (AMPs) are shown to be differentially
expressed in response to various immunostimulants and microbes [22]. Different isoforms of
crustins have been isolated from a variety of penaeid shrimps [23-25]. The up-regulation of
crustin-like AMP in shrimps suggests functional role of AMPs primarily in the shrimp immune
response [26]. Under hyperosmotic stress, crustinPm5, crustinPm1, and crustin-like Pm gene
levels were found to be up-regulated [27]. In our study, we observed crustin gene was up-
regulated in all the three shrimp tissues of gills, gut, and muscle analyzed at low salinity stress
[20]. Hence, crustins having antimicrobial activity also functionally respond to salinity stress
in shrimps.
Another class of AMPs, the penaeidin gene was found to be down-regulated in gill, gut, and
up-regulated in antennal gland tissues of shrimp exposed to high salinity stress (55 ppt)
conditions [21]. These changes in the gene expression levels of penaeidin may be regulated
through variations in hemocyte numbers in salinity-stressed shrimp. Antibacterial proteins
such as lysozymes are involved in nonspecific innate immunity in shrimps [28]. Significant
up-regulation of lysozyme gene expression occurred in gill (16.25-fold) tissues of shrimp
exposed to low salinity stress [20]. In these shrimps, the anti-lipopolysaccharide factor, which
is considered to play an important role in shrimp immune response [29], was significantly
down-regulated in gill and gut tissues as compared to up-regulation in the muscle tissues of
shrimp.
In general, as a result of environmental stress, the expression of immune-related shrimp genes
transcripts gets affected [30]. The shrimp exhibits reduction in immune parameters when
exposed to salinity stress conditions, leading to decreased resistance against pathogens [31-32].
White shrimp L. vannamei, when transferred to low salinity conditions showed significant
decrease in hemocyte count, phenoloxidase activity, respiratory burst, and superoxide
dismutase activity, which further reduced on challenge with Vibrio alginolyticus. Hence, innate
immunity in shrimps reduces with combined effect of low salinity and bacterial challenge [32].
4. Cellular-process-related genes
4.1. Ubiquitin-conjugating enzyme
The ubiquitin proteolytic system is involved in various cellular processes such as cell cycle
regulation, cellular response to stress, and immune response [33-34]. In shrimps, the ubiquitin-
conjugating enzyme E2r (UBE2r) gene isolated from Marsupenaeus japonicus showed that the
gene expression level changed significantly in the developing testis and ovary with higher
level in the testis than in the ovary, which indicates the functional role of UBE2r in oogenesis
and spermatogenesis of shrimp [35]. The gene expression pattern of ubiquitin in abdominal
muscle of 3-month-old shrimps L. vannamei at different molt stages on examination did not
increase significantly in premolt stages and was found to be relatively stable at all stages of
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the molt cycle [36]. Antiviral function has been demonstrated with ubiquitin-conjugating
enzyme, E2, isolated from F. chinensis, which could inhibit WSSV replication and ubiquitinate
WSSV RING domain-containing proteins [37]. In P. monodon ubiquitin-conjugating enzyme
E2, gene was up-regulated in muscle and gill tissues under low salinity stress conditions [20].
In American lobster, Homarus americanus the polyubiquitin gene expression revealed signifi‐
cant changes in abdominal muscle and hepatopancreas during osmotic stress, indicating that
proteins may be more susceptible to ionic fluctuations [38].
4.2. Cathepsins
The proteases are distributed into four major classes: aspartyl proteases, metalloproteases,
serine proteases, and cysteine proteases [39]. The cathepsins belonging to cysteine proteases
in addition to cellular protein degradation and turnover are also involved in numerous other
physiological processes. In fishes, the cathepsin La isoform has been implicated in yolk-
processing mechanism during oogenesis and embryogenesis [40]. In shrimps (Metapenaeus
ensis), cathepsin L, with predominant expression in hepatopancreas, is suggested to have a
role in food digestion. The immunolocalization of cathepsin L in the nucleus of oocyte suggests
its specific physiological role in shrimp oocytes [41]. The cathepsin L-like proteinases isolated
from L. vannamei showed that specific activity and mRNA expression of cysteine protease were
associated during the molt cycle [42]. The expression of the cathepsin C gene expression in
hemocytes of L. vannamei could be induced after V. alginolyticus challenge, which reached a
maximum level at 4 h post challenge period, indicating that the cathepsins in shrimp may be
involved in immune response [43]. The aspartic protease cathepsin D obtained from M.
japonicus and P. monodon were characterized for physical and chemical properties and were
shown to have identical subunits and similar optimal pH [44]. The analysis of cathepsin B gene
expression in L. vannamei tissues revealed high expression levels in midgut gland and gut,
which are involved in food digestion process. The changes in the gene expression levels and
enzymatic activity were induced by starvation in the midgut gland of the white shrimp [45].
Significant increase in the cathepsin B gene expression levels in gills, gut, and muscle tissues
of shrimp exposed to low (3 ppt) salinity conditions suggest that P. monodon cathepsin gene
responds to the shrimp adaptive mechanism to salinity stress [20].
5. Signal transduction genes
5.1. 14-3-3 protein
The members of the 14-3-3 protein family are dimeric proteins that are expressed in a wide
range of organisms and tissues. They are involved in modulation of protein interactions
through phosphorylation process. The other diverse functional roles include interaction with
a large number of protein kinases, DNA, Raf kinase, and regulation of cell cycle progression
[46]. In plants, 14-3-3 protein activates and regulates plasma membrane H+-ATPase through
fusicoccin responsive system [47]. Two Na+/K+-ATPase α -subunit forms were detected in the
gill transcripts of crab Pachygrapsus marmoratus, which differed in presence of an 81-nucleotide
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sequence near the translation start site in the D form when compared to the C form. The
extended D form was found to contain the binding motif for the regulatory protein 14-3-3,
suggesting that Na+/K+-ATPase may be stimulated by this regulatory protein binding [48]. The
two isoforms of 14-3-3 proteins identified from the P. monodon were shown to have varied gene
expression profiles during salinity adaptation in response to hypo-osmotic (3 ppt) or hyper‐
osmotic (40 ppt) salinity stress conditions. Induction of 14-3-3B gene expression in gills of
shrimp acclimated to low salinity water suggests that it is likely to be involved in controlling
osmoregulation in P. monodon under hyperosmotic conditions [49]. The up-regulation of the
14-3-3 gene expression in the tissues of shrimp exposed to low (3 ppt) or high (55 ppt) salinity
conditions suggests that P. monodon 14-3-3 gene may have a potential role in shrimp response
to salinity stress [20-21].
5.2. Calreticulin
Calreticulin, a versatile lectin-like chaperone and important endoplasmic reticulum luminal
resident protein, is involved in Ca2+ homeostasis and molecular chaperoning. Calreticulins,
which are highly conserved in most of the eukaryotes, are involved in the synthesis of various
molecules and in many other biological and physiological processes of an organism. The
highest expression of calreticulin was detected in ovary of F. chinensis. The gene expression
varied at different molting stages and could be induced by heat shock and WSSV challenge,
indicating multifunctional role of calreticulin [50]. The P. monodon calreticulin showed changes
in expression profile in response to high-temperature stress, indicating its potential as a
biomarker for stress responses in shrimps [51]. Calreticulin also responds to salinity stress with
significant increase in the gene expression levels in gills and muscle tissues of P. monodon [20].
5.3. Innexins
Innexins, which are members of large multigene families, are involved in formation of gap
junctions for cell-to-cell communication [52]. In crustaceans, innexin expression has been
associated with developing lobster stomatogastric nervous system [53]. In P. monodon, the
transcripts of innexin-2-like protein showed increased expression in response to yellow head
viral disease [54]. Innexin-2 was found to be more abundantly expressed in testes than ovaries
of P. monodon, indicating functional role of innexin-2 in spermatogenesis but not in oogenesis
[55]. The high gene expression observed for innexin 2 with 14.43-fold in muscle tissue of shrimp
under low salinity stress of 3 ppt indicates gap junctions regulation during salinity stress in
shrimps [20].
6. Energy and metabolism genes
6.1. Arginine kinase
Arginine kinase plays a major role in energy metabolism and is a phosphotransferase that
catalyzes the reversible transfer of phosphate from phosphoguanidine to ADP, resulting in
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generation of ATP [56]. In shrimps, Penm2 allergen gene having conserved guanidino
specificity region and showing very high sequence similarity with crustacean arginine kinase
has been isolated and characterized from P. monodon [57]. In crustaceans, such as in blue crab
Callinectes sapidus, the arginine kinase gene expression is associated with salinity changes. The
arginine kinase flux reduced under hyperosmotic treatments and increased with the hypo-
osmotic treatments [58]. M. japonicus when subjected to severe hypoxic stress revealed up-
regulation of arginine kinase indicating metabolic response of arginine kinase under hypoxic
stress [59]. Arginine kinase was found to be differentially expressed and up-regulated in
WSSV-infected blue shrimp (Penaeus stylirostris) [60] and the gene expression could be induced
against LPS immunostimulation in L. vannamei indicating its correlation with immune
response in shrimps [61]. The differential expression of arginine kinase in gills, gut, and muscle
tissues of shrimp exposed to low (3 ppt) salinity conditions indicates that arginine kinase plays
an important role in metabolic process associated with salinity stress in crustaceans [20].
6.2. Ferritin
Ferritin plays a functional role in iron storage and metabolism. In shrimps, this large multi‐
functional and multisubunit protein gene has been isolated and characterized from L. vanna‐
mei, which revealed that ferritin is expressed in most of the tissues of shrimp with major
expression in hemocytes [62]. The administration of ferritin resulted in increased immune
response in L. vannamei with enhanced survival rate in WSSV-challenged shrimps and
maintained physiological homeostasis of shrimps [63]. In M. rosenbergii, the isolated ferritin
gene showed conserved domain for the ferroxidase center and the administration of iron
enhanced expression of ferritin gene in a tissue-specific manner [64]. The recombinant ferritin
was shown to confer protection in P. monodon infected with Vibrio harveyi [65]. The expression
of ferritin mRNA could be induced with heavy metal ions Cu2+ and Zn2+ and WSSV challenge
in F. chinensis [66]. The gill tissues of P. monodon when subjected to low (3 ppt) salinity stress
revealed significant increase in ferritin gene expression (8.79-fold), indicating its functional
role in salinity stress in shrimps [20].
6.3. Intracellular fatty-acid-binding proteins
Intracellular fatty-acid-binding proteins (FABPs) are lipid-binding proteins that help in
transport of fatty acids across extra- and intracellular membranes and are involved in various
other biological processes such as modulation of signal transduction; gene transcription,
especially of lipid metabolism; and cell growth and differentiation [67]. FABPs have been well-
characterized in vertebrates as compared to that in invertebrates. In crustaceans, the FABP
cDNA having fatty-acid-binding motifs has been cloned and characterized from the freshwater
crayfish Pacifastacus leniusculus and P. monodon [68]. The activity of specific Na+, K+, Ca2+, and
Cl- ion channels are regulated by various fatty acids. These ion channel regulations may be
carried out directly through fatty acid interactions [69]. The shrimp (P. monodon) gut tissue
revealed highest gene expression level of FABP (14.05-fold) at high salinity stress conditions
(55 ppt) and at low salinity stress conditions (3 ppt) with 13.30-fold; the osmoregulatory
process may therefore involve the FABPs in shrimps [20-21].
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6.4. Acyl-CoA binding protein
Acyl-CoA binding protein (ACBP) is a highly conserved protein. In yeast it is involved in
transportation of acyl-CoA esters from the fatty acid synthetase to acyl-CoA-consuming
process [70]. The protein, which was first identified in mammals, acts as a neuropeptide that
prevents binding of diazepam/endozepine to GABA receptor system [71-72] and is also
involved in regulation of several acyl-CoA-dependent processes [73]. In addition, ACBP is
involved in many other functions, which include regulating biosynthesis of fatty acid,
functional regulation of enzymes and genes, intracellular acyl-CoA pool regulation, acyl-CoA
esters donation required for β-oxidation and vesicular trafficking [74], and in regulation of m-
calpain [75]. In plants Arabidopsis thaliana, different types of ACBPs are encoded [76], such as
the ACBP1 and ACBP2, which are membrane-associated proteins [77-80]; ACBP3, which is the
extracellularly targeted protein [81]; and ACBP4, ACBP5, and ACBP6, which are the cytosolic
proteins [82-83]. ACBPs are involved in abiotic stress tolerance in plants. The ACBP2 in
Arabidopsis was shown to be involved in heavy metal (Cd) tolerance [84-85]. ACBP6 and ACBP1
are functionally involved in increased freezing tolerance [78],[86]. In shrimp, ACBP functions
in antibacterial [87] and antiviral response [88]. The ACBP gene in P. monodon was identified
to be differentially expressed in the SSH libraries constructed from the gut tissues of both low
(3ppt) and high (55ppt) salinity stressed shrimps. The complete cDNA sequence of ACBP
consisted of 273 bp ORF coding for 90 amino and showed ligand-binding conserved domains
similar to the other members of ACBP family. At 2 weeks post 3 ppt salinity stress conditions,
a significant increase in the ACBP transcripts expression was observed in gills and muscle
tissues with highest levels in the gut tissues (28.08-fold). Similar increase in the gene expression
levels was observed in shrimps exposed to high salinity stress conditions of 55 ppt in gills and
muscle tissues with gut tissues revealing high (11.95-fold) levels of gene expression [89]. These
results suggest a functional role of ACBP gene during salinity stress in shrimps.
6.5. Catechol-O-methyltransferase
O-methyltransferase (OMT) is an enzyme found in a wide range of organisms such as microbes
[90], where it is involved in antibiotic biosynthesis [91], and in fungi, where it is involved in
biosynthesis of aflatoxins [92]. The OMT found in plants are well characterized for their
functional role in O-methylation during biosynthesis of lignin, stress resistance, and disease
tolerance [93]. In crustaceans, farnesoic acid O-methyltransferase (FAMeT) catalyzes farnesoic
acid methylation resulting in production of isoprenoid methyl farnesoate, which is involved
in metabolic and physiological regulation [94]. Catechol-O-methyltransferase (COMT), which
is a type of O-methyltransferases, helps in catalyzing the transfer of methyl group to the
hydroxyl group of catechol compounds from S-adenosyl-L-methionine. In higher animals, the
COMT helps in catalysis of methylation of various macromolecules that are involved in
different functional and regulatory purposes and is present in soluble and membrane-bound
forms [95]. In shrimps, the construction of suppression subtractive hybridization (SSH)
libraries from P. monodon gill tissues resulted in identification of COMT gene as one of the
differentially expressed genes subjected to salinity stress. The COMT gene was differentially
regulated in both the SSH libraries generated from low and high salinity conditions. The ORF
of COMT gene of 666 bp size revealed the coding protein with 221 amino acids [96]. The P.
monodon COMT showed the conserved domains present in superfamily of S-adenosylmethio‐
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nine-dependent methyltransferases, which includes COMT, CCoAOMT family of indolethyl‐
amine N-methyltransferase from humans, and OMT from Bacillus subtilis [97]. The P.
monodon COMT was found to be up-regulated in low and high salinity stress conditions at
different time intervals in shrimp tissues (gills, guts, and muscles), suggesting a functional role
of this gene in salinity stress tolerance in shrimps [96].
7. Stress genes
7.1. Heat shock proteins
Heat shock proteins (HSPs) initially discovered in Drosophila melanogaster are a highly con‐
served set of polypeptides present in both prokaryotic and eukaryotic cells. They are generally
involved in conferring thermotolerance as molecular chaperones by refolding the denatured
proteins and also respond against various other stresses. They play a crucial role in organisms’
response to heat shock and cellular stress. In addition, the HSPs are also important for cellular
damage protection and in maintaining cellular homeostasis [98]. In aquatic animals, the HSPs
respond to environmental pollutants, abiotic stress, and are involved in disease resistance
against viral and bacterial pathogens. The functional role and significance of HSP in farmed
aquatic animals is demonstrated in stimulating the immune response [99]. In shrimp (P.
monodon), some of the HSPs such as HSP21 have been characterized for gene expression against
WSSV infection [100]; HSP70 gene expression was found to increase in the shrimp hemocytes
after heat shock treatment [101]; and HSP90 gene expression has been related with the ovarian
maturation [102]. The transcriptional levels of HSP21, HSP70, and HSP90 were inducible under
the heat shock and responded upon bacterial exposure in P. monodon [103]. Expression of
HSP70, which is one of the widely studied HSP in aquatic organisms, was high during short-
term hyperthermic treatment when compared to hypoxic and osmotic stress in P. monodon
[104]. The significant increase in gene expression level HSP21 in the gut and muscle tissues of
P. monodon exposed to low salinity stress (3 ppt) conditions, indicates its functional role in
osmotic stress in shrimps [20].
In conclusion, the construction of SSH cDNA library in response to low (3 ppt) and high (55
ppt) salinity stress in shrimp (P. monodon) led to identification of various differentially
expressed genes. The significant up-regulation expression of several genes at transcription
level in gills, gut, antennal gland, and muscle tissues of shrimp in response to two-week post-
salinity stress condition indicates their functional role in gene pathways and regulatory
mechanism of osmotic stress at the molecular level.
Acknowledgements
The authors wish to thank NAIP (ICAR) for the financial support provided under the NAIP
project “Bioprospecting of genes and allele mining for abiotic stress tolerance.”
Effect of Salinity Stress on Gene Expression in Black Tiger Shrimp Penaeus monodon
http://dx.doi.org/10.5772/61960
111
Author details
Shekhar S. Mudagandur*, Gopikrishna Gopalapillay and Koyadan K. Vijayan
*Address all correspondence to: msshekhar@ciba.res.in
Central Institute of Brackishwater Aquaculture, Chennai, India
References
[1] Ferraris RP, Parado-Estepa FD, DeJesus EG, Ladja JM. Osmotic and chloride regula‐
tion in the haemolymph of the tiger prawn Penaeus monodon during molting in various
salinities. Marine Biol. 1986;95:377-385.
[2] Jiann-Chu C, Jin-Nien L, Chung-Tin C, Min-Nan L. Survival, growth and intermolt
period of juvenile Penaeus chinensis (Osbeck) reared at different combinations of salinity
and temperature. J Exper Marine Biol Ecol. 1996;204:169-178.
[3] Sang HM, Fotedar R. Growth, survival, haemolymph osmolality and organosomatic
indices of the western king prawn (Penaeus latisulcatus Kishinouye, 1896) reared at
different salinity. Aquaculture. 2004;234:601-614.
[4] Kumlu M, Eroldogan OT, Aktas M. The effect of salinity on larval growth, survival and
development of Penaeus semisulcatus (Decapoda: Penaeidae). Israeli J Aquacult-Bamidg‐
eh. 1999;51:114-121.
[5] Kumlu M, Jones DA. Salinity tolerance of hatchery-reared postlarvae of Penaeus indi‐
cus H. Milne Edwards originating from India. Aquaculture. 1995;130:287-296.
[6] Staples DJ, Heales DS. Temperature and salinity optima for growth and survival of
juvenile banana prawns Penaeus merguiensis. J Exper Marine Biol Ecol.
1991;154:251-274.
[7] Ponce-Palafox J, Martinez-Palacios CA, Ross LG. The effects of salinity and tempera‐
ture on the growth and survival rates of juvenile white shrimp, Penaeus vannamei, Boone,
1931. Aquaculture. 1997;157:107-115.
[8] Bouaricha N, Charmantier-Daures M, Thuet P, Trilles JP, Charmantier G. Ontogeny
of osmoregulatory structures in the shrimp Penaeus japonicus (Crustacea Decapoda).
Biologic Bull. 1994;186:29-40.
[9] ChungKF, LinHC. Osmoregulation and Na,K-ATPase expression in osmoregulatory
organs of Scylla. Comp Biochem Physiol Part A: Mol Integr Physiol. 2006;144:48-57.
[10] Chu KH. Sodium transport across the perfused midgut and hindgut of the blue crab,
Callinectes sapidus: the possible role of the gut in crustacean osmoregulation. Comp Bi‐
ochem Physiol Part A: Physiol. 1987;87:21-25.
Abiotic and Biotic Stress in Plants - Recent Advances and Future Perspectives112
[11] Roy LA, Davis DA, Saoud IP, Henry RP. Branchial carbonic anhydrase activity and
ninhydrin positive substances in the Pacific white shrimp, Litopenaeus vannamei, accli‐
mated to low and high salinities. Comp Biochem Physiol Part A: MolIntegr Physiol.
2007;147:404-411.
[12] Lucu C, Towle DW. Na+ + K+-ATPase in gills of aquatic crustacea. Comp Biochem Phys‐
iol Part A: Mol Integr Physiol. 2003;135: 195-214.
[13] Therien AG, Blostein R. Mechanisms of sodium pump regulation. Am J Physiol.
2000;279:C541-C566.
[14] Furriel RPM, McNamara JC, Leone FA. Characterization of (Na+, K+)-ATPase in gill
microsomes of the freshwater shrimp Macrobrachium olfersii. Comp Biochem Physiol –
Part B: Biochem Mol Biol. 2000; 126:303-315.
[15] Furriel RPM, McNamara JC, Leone FA. Nitrophenylphosphate as a tool to character‐
ize gill Na+, K+-ATPase activity in hyperegulating Crustacea. Comp Biochem Physiol
Part A: Mol Integr Physiol. 2001;130:665-676.
[16] Lovett DL, Verzi MP, Burgents JE, Tanner CA, Glomski K, Lee JJ, Towle DW. Expres‐
sion profiles of Na+,K+-ATPase during acute and chronic hypo-osmotic stress in the
blue crab Callinectes sapidus. Biologic Bull. 2006;211:58-65.
[17] Buranajitpirom D, Asuvapongpatana S, Weerachatyanukul W, Wongprasert K, Nam‐
wong W, Poltana P. et al. Adaptation of the black tiger shrimp, Penaeus monodon, to
different salinities through an excretory function of the antennal gland. Cell Tissue
Res. 2010;340:481-489.
[18] Sun H, Zhang L, Ren C, Chen C, Fan S, Xia JJ. et al. The expression of Na, KATPase
in Litopenaeus vannamei under salinity stress. Marine Biol Res. 2011;7:623-628.
[19] Wang L, Wang WN, Liu Y, Cai DX, Li JZ, Wang AL. Two types of ATPases from the
Pacific white shrimp, Litopenaeus vannamei in response to environmental stress. Mol
Biol Rep. 2012;39:6427-6438.
[20] Shekhar MS, Kiruthika J, Ponniah AG. Identification and expression analysis of dif‐
ferentially expressed genes from shrimp (Penaeus monodon) in response to low salini‐
ty stress. Fish Shellfish Immunol. 2013;35:1957-1968.
[21] Shekhar MS, Kiruthika J, Rajesh S, Ponniah AG. High salinity induced expression
profiling of differentially expressed genes in shrimp (Penaeus monodon). Mol Biol Rep.
2014;41:6275-6289.
[22] Tassanakajon A, Somboonwiwat K. Antimicrobial peptides from the black tiger
shrimp Penaeus monodon: a review. In: Bondad-Reantaso MG, Jones JB, Corsin F, Aoki
T, editors. Diseases in Asian Aquaculture VII. Fish health section. Selangor, Malaysia:
Asian Fisheries Society, 2011. p. 229-240. 385 pp.
Effect of Salinity Stress on Gene Expression in Black Tiger Shrimp Penaeus monodon
http://dx.doi.org/10.5772/61960
113
[23] Supungul P, Klinbunga S, Pichyangkura R, Hirono I, Aoki T, Tassanakajon A. Anti‐
microbial peptides discovered in the black tiger shrimp Penaeus monodon using the
EST approach. Dis Aquatic Organ. 2004;61:123-135.
[24] Chen JY, Pan CY, Kou CM. cDNA sequence encoding an 11.5 kDa antibacterial pep‐
tide of the shrimp Penaeus monodon. Fish Shellfish Immunol. 2004;16:659-664.
[25] Amparyup P, Kondo H, Hirono I, Aoki T, Tassanakajon A. Molecular cloning, ge‐
nomic organization and recombinant expression of a crustin-like antimicrobial pep‐
tide from black tiger shrimp Penaeus monodon. Mol Immunol. 2008;45:1085-1093.
[26] Antony SP, Bright IS, Sudheer NS, Vrinda S, Priyaja P, Philip R. Molecular characteri‐
zation of a crustin-like antimicrobial peptide in the giant tiger shrimp, Penaeus mono‐
don, and its expression profile in response to various immunostimulants and
challenge with WSSV. Immunobiology. 2011;216;184-194.
[27] Vatanavicharn T, Supungul P, Puanglarp N, Yingvilasprasert W, Tassanakajon A.
Genomic structure, expression pattern and functional characterization of crustinPm5,
a unique isoform of crustin from Penaeus monodon. Comp Biochem Physiol – Part B: Bio‐
chem Mol Biol. 2009;153:244-252.
[28] Tyagi A, Khushiramani R, Karunasagar I, Karunasagar I. Antivibrio activity of re‐
combinant lysozyme expressed from black tiger shrimp, Penaeus monodon. Aquacul‐
ture. 2007;272:246-253.
[29] Tharntada S, Somboonwiwat K, Rimphanitchayakit V, Tassanakajon A. Antilipopo‐
lysaccharide factors from the black tiger shrimp, Penaeus monodon, are encoded by
two genomic loci. Fish Shellfish Immunol. 2008;24:46-54.
[30] Aoki T, Wang H, Unajak S, Santos MD, Kondo H, Hirono I. Microarray analyses of
shrimp immune responses. Marine Biotechnol. 2011;13:629-638.
[31] Wang LU, Chen JC. The immune response of white shrimp Litopenaeus vannamei and
its susceptibility to Vibrio alginolyticus at different salinity levels. Fish Shellfish Immu‐
nol. 2005;8:269-278.
[32] Li CC, Yeh ST, Chen JC. Innate immunity of the white shrimp Litopenaeus vannamei
weakened by the combination of a Vibrio alginolyticus injection and low-salinity
stress. Fish Shellfish Immunol. 2010;28:121-127.
[33] Ciechanover A, Orian A, Schwartz AL. Ubiquitin-mediated proteolysis: biological
regulation via destruction. Bioessays. 2000;22:442-451.
[34] Hershko A, Ciechanover A. The ubiquitin system. Annu Rev Biochem.
1998;67:425-479.
[35] Shen B, Zhang Z, Wang Y, Wang G, Chen Y, Lin P. et al. Differential expression of
ubiquitin-conjugating enzyme E2r in the developing ovary and testis of penaeid
shrimp Marsupenaeus japonicus. Mol Biol Rep. 2009;36:1149-1157.
Abiotic and Biotic Stress in Plants - Recent Advances and Future Perspectives114
[36] Cesar JRO, Yang J. Expression patterns of ubiquitin, heat shock protein 70, α actin
and β-actin over the molt cycle in the abdominal muscle of marine shrimp Litope‐
naeusvannamei. Mol Reprod Dev. 2007;74:554-559.
[37] Chen AJ, Wang S, Zhao XF, Yu XQ, Wang JX. Enzyme E2 from Chinese white shrimp
inhibits replication of white spot syndrome virus and ubiquitinates its RING domain
proteins. J Virol. 2011;85:8069-8079.
[38] Spees JL, Chang SA, Snyder MJ, Chang ES. Osmotic induction of stress responsive
gene expression in the lobster Homarus americanus. Biologic Bull. 2002;203:331–337.
[39] McGrath ME. The lysosomal cysteine proteases. Annu RevBiophys Biomol Struct.
1999;28:181-204.
[40] Tingaud-Sequeira A, Cerdà J. Phylogenetic relationships and gene expression pattern
of three different cathepsin L (Ctsl) isoforms in zebrafish: Ctsla is the putative yolk
processing enzyme. Gene. 2007;386:98-106.
[41] Hu KJ, Leung PC. Shrimp cathepsin L encoded by an intronless gene has predomi‐
nant expression in hepatopancreas, and occurs in the nucleus of oocyte. Comp Bio‐
chem Physiol – Part B: Biochem Mol Biol. 2004;137:21-33.
[42] Le Boulay C, Van Wormhoudt A, Sellos D.. Cloning and expression of cathepsin L-
like proteinases in the hepatopancreas of the shrimp Penaeus vannamei during the in‐
termolt cycle. J Comp Physiol B. 1996;166:310-318.
[43] Yishan L, Shitian L, Zaohe W, Jichang J. Molecular cloning and mRNA expression of
cathepsin C in white shrimp, Litopenaeus vannamei. Aquaculture Res. 2011;42:
1569-1576.
[44] Jiang S, Nei FP, Chen HC, Wang JH. Comparative study on the cathepsin D from
banded shrimp (Penaeus japonicus) and grass shrimp (Penaeus monodon). J Agri Food
Chem. 1992;40:961-966.
[45] Stephens A, Rojo L, Araujo-Bernal S, Garcia-Carreño F, Muhlia-Almazan A. Cathe‐
psin B from the white shrimp Litopenaeus vannamei: cDNA sequence analysis, tissues-
specific expression and biological activity. Comp Biochem Physiol – Part B: Biochem Mol
Biol. 2012;161:32-40.
[46] Aitken A. 14-3-3 proteins: a historic overview. Semin Canc Biol. 2006;16: 162-172.
[47] Baunsgaard L, Fuglsang AT, Jahn T, Korthout HA, Deboer AH, Palmgren, MG. The
14-3-3 proteins associate with the plant plasma membrane H+-ATPase to generate a
fusicoccin binding complex and a fusicoccin responsive system. Plant J. 1998;
13:661-671.
[48] Jayasundara N, Towle DW, Weihrauch D, Spanings-Pierrot C. Gill-specific transcrip‐
tional regulation of Na+/K+ -ATPase a-subunit in the euryhaline shore crab Pachy‐
Effect of Salinity Stress on Gene Expression in Black Tiger Shrimp Penaeus monodon
http://dx.doi.org/10.5772/61960
115
grapsus marmoratus: sequence variants and promoter structure. J Exper Biol.
2007;210:2070-2081.
[49] Kaeodee M, Pongsomboon S, Tassanakajon A. Expression analysis and response of
Penaeus monodon 14-3-3 genes to salinity stress. Comp Biochem Physiol – Part B: Biochem
Mol Biol. 2011;159:244-251.
[50] Luana W, Li F, Wang B, Zhang X, Liu Y, Xiang J. Molecular characteristics and ex‐
pression analysis of calreticulin in Chinese shrimp Fenneropenaeus chinensis. Comp Bi‐
ochem Physiol – Part B: Biochem Mol Biol. 2007;147:482-491.
[51] Visudtiphole V, Watthanasurorot A, Klinbunga S, Menasveta P, Kirtikara K. Molecu‐
lar characterization of Calreticulin: a biomarker for temperature stress responses of
the giant tiger shrimp Penaeus monodon. Aquaculture. 2010;308:100-108.
[52] Phelan P. Innexins: members of an evolutionarily conserved family of gapjunction
proteins. Biochim et Biophys Acta. 2005;1711:225-245.
[53] Ducret E, Alexopoulos H, Le Feuvre Y, Davies JA, Meyrand P, Bacon JP, Fénelon VS.
Innexins in the lobster stomatogastric nervous system: cloning, phylogenetic analy‐
sis, developmental changes and expression within adult identified dye and electrical‐
ly coupled neurons. Eur J Neurosci. 2006;24:3119-3133.
[54] Chintapitaksakul L, Udomkit A, Smith DR, Panyim S, Sonthayanon B. Expression
analysis of selected haemocyte transcripts from black tiger shrimp infected with yel‐
low head virus. Sci Asia. 2008;34:327-333.
[55] Leelatanawit R, Klinbunga S, Aoki T, Hirono I, Valyasevi R, Menasveta P. Suppres‐
sion subtractive hybridization (SSH) for isolation and characterization of genes relat‐
ed to testicular development in the giant tiger shrimp Penaeus monodon. BMB Reports.
2008;41:796-802.
[56] Strong SJ, Ellington WR. Isolation and sequence analysis of the gene for arginine kin‐
ase from the chelicerate arthropod, Limulus polyphemus: insights into catalytically im‐
portant residues. Biochim Biophysic Acta. 1995;1246:197-200.
[57] Yu CJ, Lin YF, Chiang BL, Chow LP. Proteomics and immunological analysis of a
novel shrimp allergen, Pen m2. J Immunol. 2003;170:445-453.
[58] Holt SM, Kinsey ST. Osmotic effects on arginine kinase function in living muscle of
the blue crab Callinectes sapidus. J Exper Biol. 2002;205:1775-1785.
[59] Abe H, Hirai S, Okada S. Metabolic responses and arginine kinase expression under
hypoxic stress of the kuruma prawn Marsupenaeus japonicus. Comp Biochem Physiol
Part A: Mol Integr Physiol. 2007;146:40-46.
[60] Astrofsky KM, Roux MM, Klimpel KR, Fox JG, Dhar AK. Isolation of differentially
expressed genes from white spot virus (WSV) infected Pacific blue shrimp (Penaeus
stylirostris). Arch Virol. 2002;147:1782-1799.
Abiotic and Biotic Stress in Plants - Recent Advances and Future Perspectives116
[61] Yao CL, Ji PF, Kong P, Wang ZY, Xiang JH. Arginine kinase from Litopenaeus vanna‐
mei: cloning, expression and catalytic properties. Fish Shellfish Immunol.
2009;26:553-558.
[62] Hsieh SL, Chiu Y.C, Kuo C.M. Molecular cloning and tissue distribution of ferritin in
Pacific white shrimp (Litopenaeus vannamei). Fish Shellfish Immunol. 2006;21:279-283.
[63] Ruan YH, Kuo CM, Lo CF, Lee MH, Lian JL, Hsieh SL. Ferritin administration effec‐
tively enhances immunity, physiological responses, and survival of pacific white
shrimp (Litopenaeus vannamei) challenged with white spot syndrome virus. Fish Shell‐
fish Immunol. 2010;28:542-548.
[64] Qiu GF, Zheng L, Liu P. Transcriptional regulation of ferritin mRNA levels by iron in
the freshwater giant prawn, Macrobrachium rosenbergii. Comp Biochem Physiol – Part B:
Biochem Mol Biol. 2008;150:320-325.
[65] Maiti B, Khushiramani R, Tyagi A, Karunasagar I, Karunasagar I. Recombinant ferri‐
tin protein protects Penaeus monodon infected by pathogenic Vibrio harveyi. Dis Aquatic
Organ. 2010;88:99-105.
[66] Zhang J, Li F, Wang Z, Zhang X, Zhou Q, Xiang J. Cloning, expression and identifica‐
tion of ferritin from Chinese shrimp, Fenneropenaeus chinensis. J Biotechnol.
2006;125:173-184.
[67] Zimmerman AW, Veerkamp JH. New insights into the structure and function of fatty
acid-binding proteins. Cell Mol Life Sci. 2002;59:1096–1116.
[68] Söderhäll I, Tangprasittipap A, Liu H, Sritunyalucksana K, Prasertsan P, Jiravanich‐
paisal P. et al. Characterization of a hemocyte intracellular fatty acid-binding protein
from crayfish (Pacifastacus leniusculus) and shrimp (Penaeus monodon). FEBS J.
2006;273:2902-2912.
[69] Ordway RW, Singer JJ, Walsh JV. Direct regulation of ion channels by fatty acids.
Trends Neurosci. 1991;14:96-100.
[70] Schjerling CK, Hummel R, Hansen JK, Børsting C, Mikkelsen JM, Kristiansen K,
Knudsen J. Disruption of the gene encoding the acyl-CoA-binding protein (ACB1)
perturbs acyl-CoA metabolism in Saccharomyces cerevisiae. J Biologic Chem.
1996;271:22514-22521.
[71] Guidotti A, Forchetti CM, Corda MG, Konkel D, Bennett CD, Costa E. Isolation, char‐
acterization, and purification to homogeneity of an endogenous polypeptide with ag‐
onistic action on benzodiazepine receptors. Proc Natl Acad Sci. 1983;80:3531-3535.
[72] Kragelund BB, Knudsen J, Poulsen FM. Acyl-Coenzyme A binding protein (ACBP).
Biochim Biophys Acta. 1999;1441:150-161.
Effect of Salinity Stress on Gene Expression in Black Tiger Shrimp Penaeus monodon
http://dx.doi.org/10.5772/61960
117
[73] Elholm M, Garras A, Neve S, Tornehave D, Lund TB, Skorve J, Flatmark T, Kristian‐
sen K, Berge R.K. Long-chain acyl-CoA esters and acyl-CoA binding protein are
present in the nucleus of rat liver cells. J Lipid Res. 2000;41:538-545.
[74] Burton M, Rose TM, Færgeman NJ, Knudsen J. Evolution of the acyl-CoA binding
protein (ACBP). Biochem J. 2005;392:299-307.
[75] Melloni E, Averna M, Salamino F, Sparatore B, Minafra R, Pontremoli S. Acyl-CoA-
binding protein is a potent m-calpain activator. J Biologic Chem. 2000;275:82-86.
[76] Xiao S, Chye ML. An Arabidopsis family of six acyl-CoA-binding proteins has three
cytosolic members. Plant Physiol Biochem. 2009;47:479-484.
[77] Chye ML. Arabidopsis cDNA encoding a membrane associated protein with an acyl-
CoA binding domain. Plant Mol Biol. 1998;38:827-838.
[78] Chye ML, Huang BQ, Zee SY. Isolation of a gene encoding Arabidopsis membrane as‐
sociated acyl-CoA binding protein and immunolocalization of its gene product. Plant
J. 1999;18:205-214.
[79] Chye ML, Li HY, Yung MH. Single amino acid substitutions at the acyl-CoA-binding
domain interrupt 14[C] palmitoyl-CoA binding of ACBP2, an Arabidopsis acyl-CoA-
binding protein with ankyrin repeats. Plant Mol Biol. 2000;44:711-721.
[80] Li HY, Chye ML. Membrane localization of Arabidopsis acyl-CoA binding protein
ACBP2. Plant Mol Biol. 2003;51:483-492.
[81] Leung KC, Li HY, Xiao S, Tse MH, Chye ML. Arabidopsis ACBP3 is an extracellularly
targeted acyl-CoA-binding protein. Planta. 2006;223:871-881.
[82] Chen QF, Xiao S, Chye ML. Overexpression of the Arabidopsis 10-kilodalton acyl-
Coenzyme A-binding protein, ACBP6, enhances freezing tolerance. Plant Physiol.
2008;148:304-315.
[83] Xiao S, Li HY, Zhang JP, Chan SW, Chye ML. Arabidopsis acyl-CoAbinding proteins
ACBP4 and ACBP5 are subcellularly localized to the cytosol and ACBP4 depletion
affects membrane lipid composition. Plant Mol Biol. 2008;68:571-583.
[84] Gao W, Xiao S, Li HY, Tsao SW, Chye ML. Arabidopsis thaliana acyl-CoA binding pro‐
tein ACBP2 interacts with a heavy-metal-binding farnesylated protein AtFP6. New
Phytologist. 2008;181:89-102.
[85] Gao W, Li HY, Xiao S, Chye ML. Acyl-CoA-binding protein 2 binds lysophospholi‐
pase 2 and lysoPC to promote tolerance to cadmium-induced oxidative stress in
transgenic Arabidopsis. Plant J. 2010;62:989-1003.
[86] Du ZY, Xiao S, Chen QF, Chye ML. Arabidopsis acyl-CoA-binding proteins ACBP1
and ACBP2 show different roles in freezing stress. Plant Signal Behav.
2010;5:5607-5609.
Abiotic and Biotic Stress in Plants - Recent Advances and Future Perspectives118
[87] Ren Q, Du ZQ, Zhao XF, Wang JX. An acyl-CoA-binding protein (FcACBP) and a fat‐
ty acid binding protein (FcFABP) respond to microbial infection in Chinese white
shrimp, Fenneropenaeus chinensis. Fish Shellfish Immunol. 2009;27:739-747.
[88] Zhao ZY, Yin ZX, Weng SP, Guan HJ, Li SD, Xing K, Chen SM, He JG. Profiling of
differentially expressed genes in hepatopancreas of white spot syndrome virus-re‐
sistant shrimp (Litopenaeus vannamei) by suppression subtractive hybridization. Fish
Shellfish Immunol. 2007;22:520-534.
[89] Kiruthika J, Rajesh S, Ponniah AG, Shekhar MS. Molecular cloning and characteriza‐
tion of acyl-CoA binding protein (ACBP) gene from shrimp Penaeus monodon exposed
to salinity stress. Dev Comp Immunol. 2013;40:78-82.
[90] Yoon Y, Park Y, Yi YS, Lee Y, Jo G, Park JC, et al. Characterization of an O-methyl‐
transferase from Streptomyces avermitilis. MA-4680. J Microbiol Biotechnol.
2010;20:1359-1366.
[91] Connors NC, Strohl WR. Partial purification and properties of carminomycin 4-O-
methyltransferase from Streptomyces sp. strain C5. J Gen Microbiol.
1993;139:1353-1362.
[92] Yu J, Cary JW, Bhatnagar D, Clevel TE, Keller NP, Chu FS. Cloning and characteriza‐
tion of a cDNA from Aspergillus parasiticus encoding an O-methyltransferase in‐
volved in aflatoxin biosynthesis. Appl Environ Microbiol. 1993;59:3564-3571.
[93] Lam KC, Ibrahim RK, Behdad B, Dayanandan S. Structure, function, and evolution of
plant O-methyltransferases. Genome. 2007;50:1001-1013.
[94] Li DX, Du XJ, Zhao XF, Wang JX. Cloning and expression analysis of an OMethyl‐
transferase (OMT) gene from Chinese shrimp, Fenneropenaeus chinensis. Fish Shellfish
Immunol. 2006;21:284-292.
[95] Bonifacio MJ, Vieira-Coelho MA, Borges N, Soares-da-Silva P. Kinetics of rat brain
and liver solubilized membrane-bound catechol-O methyltransferase. Arch Biochem
Biophys. 2000;384:361-367.
[96] Rajesh S, Kiruthika J, Ponniah AG, Shekhar MS. Identification, cloning and expres‐
sion analysis of Catechol-O-methyltransferase (COMT) gene from shrimp, Penaeus
monodon and its relevance to salinity stress. Fish Shellfish Immunol. 2012;32:693-699.
[97] Kodama KI, Nakabeppu Y, Sekiguchi M. Cloning and expression of the Bacillus subti‐
lis methyltransferase gene in Escherichia coli ada-cells. Mut Res. 1989;218:153-163.
[98] Kregel KC. Heat shock proteins: modifying factors in physiological stress responses
and acquired thermotolerance. J Appl Physiol. 2002;92:2177-2186.
[99] Roberts RJ, Agius C, Saliba C, Bossier P, Sung YY. Heat shock proteins (chaperones)
in fish and shellfish and their potential role in relation to fish health: a review. J Fish
Dis. 2010;33:789-801.
Effect of Salinity Stress on Gene Expression in Black Tiger Shrimp Penaeus monodon
http://dx.doi.org/10.5772/61960
119
[100] Huang P, Kang S, Chen W, Hsu T, Lo C, Liu K et al. Identification of the small heat
shock proteins HSP21, of shrimp Penaeus monodon and the gene expression of HSP21
is inactivated after white spot syndrome virus (WSSV) infection. Fish Shellfish Immu‐
nol. 2008;25:250-257.
[101] Lo W, Liu K, Song Y. Cloning and molecular characterization of heat shock cognate
70 from tiger shrimp (Penaeus monodon). Cell Stress Chaper. 2004;9:332-343.
[102] Jiang S, Qiu L, Zhou F, Huang J, Guo Y, Yang K. Molecular cloning and expression
analysis of a heat shock protein (Hsp90) gene from black tiger shrimp (Penaeus mono‐
don). Mol BiolReport. 2009;36:127-134.
[103] Rungrassamee W, Leelatanawit R, Jiravanichpaisal P, Klinbunga S, Karoonuthaisiri
N. Expression and distribution of three heat shock protein genes under heat shock
stress and under exposure to Vibrio harveyi in Penaeus monodon. Dev Comp Immunol.
2010;34:1082-1089.
[104] de la Vega E, Hall MR, Degnan BM, Wilson KJ. Short-term hyperthermic treatment of
Penaeus monodon increases expression of heat shock protein 70 (HSP70) and reduces
replication of gill associated virus (GAV). =Aquaculture. 2006;253:82-90.
Abiotic and Biotic Stress in Plants - Recent Advances and Future Perspectives120
